The development of a regional stratigraphy in Palaeoproterozoic basins within the Tanami region, Northern Australia has been hindered by the difficulty of discriminating sedimentary units and facies across this isolated and poorly exposed basin. A regional stratigraphy is important as it provides constraints on sedimentary basin evolution and assists in gold exploration. Gold is known to be more concentrated in certain rock formations. Based on Nd isotopes and whole-rock geochemistry, five main sedimentary events have been identified in the Tanami region. Some sedimentary units were derived from homogeneous local sources whereas others contain evidence of a well-mixed fine-grained remote provenance. Within the basins, major gold-bearing lithologies are characterised by mafic source indicators: (1) high Cr/Th ratios; (2) low Th/Sc ratios; (3) low (La/Yb) PAAS ratios relative to Post-Archaean Average Shale (Taylor and McLennan 1985) ; (4) Eu anomalies equal to ~1 and, (5) distinctive ranges in initial  Nd values. Potential future exploration target areas have been identified in the Tanami region at the Cashel and Sunline prospects using these geochemical parameters.
Introduction
The Tanami region is a poorly exposed, mostly Paleoproterozoic province within Northern Australia that hosts a number of significant gold deposits ( Fig. 1) (Plumb et al. 1990; Smith et al. 1998; Huston et al. 2007; Bagas et al. 2009 ). The Callie deposit is the largest (6.0 Moz Au) and is hosted by black mudstones of the Dead Bullock Formation (Smith et al. 1998) . Effective exploration of the Tanami region, however, has been severely hampered by poor knowledge of the regional stratigraphy. It is difficult to identify and correlate exposed packages of poorly-sorted sandstones, siltstones and black mudstones separated by large regions of regolith cover (Blake et al. 1979; Hendrickx et al. 2000; Crispe et al. 2007; Huston et al. 2007 ).
Lode-gold provinces such as the Yilgarn and Superior cratons host gold in a variety of lithologic types and structural settings (Hodgson 1993) . In contrast to these regions, two of the three major goldfields in the Tanami region the Granites and Dead Bullock Soak goldfields, are hosted exclusively by carbonaceous or iron-rich sedimentary units (Huston et al. 2007 ). Smaller sediment-hosted gold deposits in the Tanami region include Oberon, Coyote and Minotaur. Huston et al. (2007) calculated that sediment-hosted gold deposits contain 77% of the Tanami gold resource, (carbonaceous sedimentary rocks 61%, banded iron formation 16%). Given the lack of outcrop and the complex geophysical character of the lithology types, this paper focuses on sedimentary geochemistry as a means of creating criteria that will aid in the classification of gold-bearing successions. Ultimately, exploration costs can be lowered by geochemically distinguishing gold-bearing stratigraphic units within an overall regional fine-grained succession. Lambeck et al. (2008) typecasted the Stubbins, Dead Bullock and Killi Killi Formations using Zr/Sc and Th/Sc ratios, Cr values, and REE patterns combined with detrital zircons populations, and differentiated between the more goldprospective Dead Bullock Formation from the less gold-prospective Stubbins and Killi Killi Formations. In this paper we build upon the techniques developed by Lambeck et al. (2008) and use Cr/Th ratios, Th/Sc ratios, (La/Yb) PAAS and Eu/Eu* values, combined with Sm-Nd isotopic variations, to identify changes in sedimentary source for the Proterozoic Tanami region. These characteristics allow us to typecast the major gold bearing lithologies within the poorly exposed fine-grained siltstones and black mudstones of the Tanami gold province. mafic volcanic rocks that are consistent with the existence of an intra continental rift setting at the time of deposition (Tunks and Cooke 2007) . The pillow basalts within the Mt Charles Formation are described by Tunks (1996) as intracontinental tholeiites.
An unconformity between the underlying Dead Bullock Formation and the basal, thinly-bedded lithic sandstone is exposed; however, the top of the Mount Charles Formation is not exposed ). Cross and Crispe (2007) note that obtaining reliable geochronological data from the Mount Charles Formation is problematic. The lack of regional deformation and metamorphism within the Mount Charles Formation suggests it postdates the ~1830-1810 Ma metamorphic and deformational events in the Tanami Group ). The Mount Charles Formation is interpreted to have a depositional age of ~1810 Ma, 100 Ma younger than the ~1910 Ma age based on the youngest detrital zircons .
The Pargee Sandstone is a thick succession of interbedded conglomerate, pebbly sandstone, quartz-rich sandstone and minor siltstone. Based on 40 Ar/ 39 Ar thermo-geochronology and detrital zircon geochronology, sediments forming the Pargee Sandstone may have been sourced from the Arunta Block ). The Pargee Sandstone has a maximum deposition age of 1768±14 Ma (Claoué-Long et al. 2001; Cross and Crispe 2007) . This unit unconformably overlies cleaved siltstone of the Killi Killi Formation, and is unconformably overlain by the Gardiner Sandstone, the basal unit of the Birrindudu Group (Blake et al. 1975; Blake et al. 1979) . As no significant gold prospects are found within the Pargee Sandstone or the overlying Birrindudu Group, they are not included as part of this study.
Sampling and analytical methods
Drill cores were selected in consultation with Newmont and Tanami Gold mine geologists to cover the full stratigraphic succession and minimise structural complications. The Stubbins, Dead Bullock, Mt Charles and Killi Killi Formations, and Ware Group were sampled from either drill holes or limited outcrop from regions where the regional stratigraphy is known ). Lambeck et al. (2008) have previously reported composite stratigraphy and lithologic geochemical sections through the Stubbins Formation, Callie deposit, the Cashel and Sunline prospects, and the Dead Cat Rock and Apertawonga outcrop sections. The composite section of the Mount Charles Formation stratigraphy was constructed in a similar fashion to the composite section completed at the Dead Bullock Soak goldfield (Lambeck et al. 2008) . Lack of available core limited sampling of the full Mount Charles stratigraphic section, and only ~300m of representative core was sampled. The Mount Charles Formation, including significant occurrences of pillow basalts, is estimated to be ~3000m thick (Tunks 1996) . Diamond drill holes RGD 116, DDH076, CAD053 and HRD003 were used for the Mount Charles Formation composite downhole profile.
Whole-rock and trace element analyses were carried out on 434 samples in three batches. The first batch (62 samples) consisted of split pulp samples crushed in tool steel by Newmont Australia. The second batch (225 hand samples, 50-300g) was prepared in either a tungsten-carbide mill or tool steel mill at Geoscience Australia. The third batch (147 samples) consisted of samples from drill core ground on site to a fine powder (approximately 20 g), using a diamond core grinder. Between samples the core grinder was cleaned with compressed air to avoid contamination. The ground powder from the cores was visually inspected and found to contain small chips from the diamond-grinding wheel. To exclude potential contamination, the chemistry of the cutting wheel was determined and elements that were major components of the wheel (W, Ag, Cu, Zn, Mn, Ni, Fe) were removed from the geochemical database for data analysis and interpretation. In addition, seven outcrop samples, including a sample of felsic volcanics were taken from the Ware Group and were analysed for whole-rock and trace element geochemistry. Three representative samples of whole-rock geochemistry from each of the regional stratigraphic units are given in Table 2 . The total dataset for whole-rock major and trace element analysis can be accessed from "Appendix A, Supplementary data" for the Mt Charles Formation and Ware Group, and in Lambeck et al. (2008) for the Stubbins Formation, Tanami Group and Sunline and Cashel Prospects.
Abundances of major and trace elements were determined at Geoscience Australia, Canberra using XRF and ICP-MS techniques. Major and minor elements (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, P & S) were determined by wavelengthdispersive XRF on fused discs using methods similar to those of Norrish and Hutton (1969) . Precision for these elements is better than  1% of the reported values. Arsenic, Ba, Cr, Cu, Ni, Sc, V, Zn & Zr were determined by pressed pellet on a wavelength-dispersive XRF using methods similar to those described by Norrish and Chappell (1977) . Selected trace elements (Cs, Ga, Nb, Pb, Rb, Sb, Sn, Sr, Ta, Th, U, Y) and the rare earth elements were analysed at Geoscience Australia by ICP-MS (Agilent 7500ce with reaction cell) using methods similar to those of Eggins et al. (1997) , but on solutions obtained by dissolution in distilled HF and HNO 3 acid of the fused glass discs (Pyke 2000) . Precisions are 5% and 10% at low levels. Agreement between XRF and ICP-MS (Ba, Nb, Pb, Rb, Sr, Y, Zr) are within 10%.
Based on the existing and new geochemical data, a suite of 28 sedimentary samples, eight basalts and dolerites and a felsic volcanic rock were analysed for Sm-Nd isotopic composition as part of this study. Isotope analyses were determined by isotope dilution in two batches. Fifteen samples were completed at Adelaide University using techniques detailed in Wade et al. (2005) . Samples were evaporated in HF-HNO 3 overnight, digested in hot HF-HNO 3 in sealed Teflon vials for 5 days, then evaporated to dryness in HF-HNO 3 . Samples were subsequently evaporated in 6M HCl and then bombed with 6M HCl overnight. Nd and Sm concentrations were calculated by isotope dilution, with Nd isotope ratios measured by thermal ionization mass spectrometry on a Finnigan MAT 262 mass spectrometer and Sm isotope ratios measured on a Finnigan MAT 261 mass spectrometer. The running average for the La Jolla standard is 0.511289 ± 8 (n = 134). Twenty-one samples were analysed at La Trobe University using techniques detailed in Wade et al. (2005) and in Waight et al. (1998; .
Geochemical results
To enable a direct comparison, all analyses were recalculated to 100% volatile-free, and all samples containing greater than 5% CaO or greater than 5% loss of ignition were excluded from further consideration (Roser and Korsch 1986) . This minimized any possible effect of disturbance by alteration and allows drill cores to be compared regionally.
Major elements
Ternary diagrams of major element plots using Nesbitt and Young (1984; 1989) (Nesbitt and Young 1989; Bierlein et al. 1998 ) is modified here to show two separate sedimentary provenances, a felsic provenance and a mafic provenance (Fig. 3b) . The Dead Bullock Formation samples contain higher FeO T + MgO than the Killi Killi samples which are more dominated by muscovite and K-feldspar. Samples from the Stubbins Formation, Ware Group and Mount Charles Formation that were prepared under different laboratory conditions and contain potential Fe contamination as detailed in the methods and the data were excluded in this plot.
Effects of alteration associated with hydrothermal and regional metamorphic processes must be taken into account when defining changes in regional sedimentary provenance in the Tanami region (Williams 2007) . Bagas et al. (2008) discussed hypogene alternation in the Tanami region due to either greenschist facies metamorphism or associated mineralising events and showed that the more mobile elements have been affected (e.g. CaO, Na 2 O and K 2 O). Therefore to define changes in regional sedimentary provenance using sedimentary geochemistry selected immobile elements need to be used.
Regional chemostratigraphy
Variations in sedimentary provenance can be used to understand geological evolution of regions (e.g. Prame and Pohl 1994; Slack and Stevens 1994; Dabard et al. 1996; Garzione et al. 1997; Roser et al. 2002) . Condie and Wronkiewicz (1990) concluded that the Cr/Th ratio in pelites can provide an important geochemical index of early Precambrian crustal evolution and can be used to monitor changes in source composition with strong correlations to Th/Sc, Sc/Th and La/Sc ratios. The use of rare earth elements (REE) as provenance indicators requires assumptions to be met; (1) they are not significantly modified by metamorphism and diagenesis (Michard 1989; Bau 1991) , and (2) that the REE were quantitatively transported in the detrital component (McLennan and Taylor 1982; Crichton and Condie 1993; Ugidos et al. 1997; Robinson et al. 2001 ).
Sedimentary geochemistry, detrital U-Pb ages and Nd isotopic signatures provide independent tools to help discriminate tectonic setting and sedimentary provenance (e.g. McLennan et al. 1993; McLennan et al. 1995; Yamashita et al. 2000; Goodge et al. 2002; Lahtinen et al. 2002; Tran et al. 2003; González-Álvarez et al. 2006; Payne et al. 2006; Barovich and Hand 2008; Tran et al. 2008) . U-Pb geochronology of zircon-bearing sources provides an age spectrum and maximum depositional age of the sediment. Limitations of detrital zircon geochronology discussed by Barovich and Hand (2008) include: (1) loss of small zircons in separation; (2) lack of contribution from fine-grained sources; and (3) lack of contribution from less felsic sources. Once weathering and sorting processes are accounted for (e.g. Cullers and Podkovyrov 2000; López et al. 2005) , Sm-Nd studies combined with REE and detrital U-Pb studies, record information on the average crustal residence time of sediment from all contributing protoliths and distinguish between mantlederived igneous and evolved crustal evolved sources. Sm-Nd data however, are unable to separate individual protolith ages (McLennan et al. 1993) . Through a combination of sedimentary geochemistry, detrital zircon U-Pb, and Sm-Nd isotope studies, a relatively clear picture of the crustal segments from which the sedimentary package was sourced can be created. Detrital zircon SHRIMP U-Pb ages Bagas et al. 2008 ) provide lower and upper age constraints on the regional stratigraphic succession of the Tanami Basin.
The geochemical and REE data for each of the regional stratigraphic units are presented in Table 1 (Fig. 6) , apart from the Cashel and Sunline Prospects which are light REE depleted (Fig. 7) .
Stubbins Formation
Twenty-nine geochemical analyses of drill core samples were analysed from the Stubbins Formation which have high Th/Sc ratios (3-6) and low (<100 ppm) Cr abundances and flat REE patterns relative to PAAS (Lambeck et al. 2008 ). The mixed coarse-to-fine-grained sedimentary rocks of the Stubbins Formation have average Cr/Th and Th/Sc ratios of 3.1 and 2.3 respectively (Figs. 4 and 5). The REE patterns relative to PAAS are flat and almost identical to PAAS with an average (La/Yb) PAAS value of 1.5; the average Eu anomaly (Fig. 6 ) is 0.8 (Eu/Eu* = (Eu/1.1)/((Sm/5.6 + Gd/4.7)/2). Three initial ε Nd values (calculated at 1860 Ma) of sedimentary rocks from the Stubbins Formation range between -6.3 and -5.7. Two ε Nd values were calculated for the Stubbins Basalt at 1.4 and 0.6 respectively (Table 3 and Figure 8 ).
Dead Bullock Formation
One hundred and two geochemical analyses were obtained from the Dead Bullock Formation, as defined by Lambeck et al. (2008) , and have low Th/Sc ratios (<2), high (>100 ppm) Cr abundances, and LREE depleted PAAS normalised REE patterns. The mixed coarse-to-fine grained sedimentary rocks of the Dead Bullock Formation have average Cr/Th and Th/Sc ratios of 63.5 and 0.2 respectively (Figs. 4 and 5). The REE patterns are light REE depleted with an average (La/Yb) PAAS value of 0.5, the average Eu anomaly is 1.3 (Fig. 6 ).
One initial Nd (calculated at 1860 Ma) of sedimentary rock from the Ferdies Member at the Callie Mine is -6.0 (Table  3) . Samples assigned to the basal Ferdies Member of the Dead Bullock Formation from the Groundrush area by Crispe et al. (2007) , have initial  Nd values of -10.9 and -9.7 at 1860 Ma (Fig. 8 , Table 3 ). Initial  Nd values at 1838 Ma for the Callie Member, Dead Bullock Formation, vary from -6.9 to -6.4. Initial values for the Coora Dolerite, one from about 5m from the basal contact and one from the middle of the ~ 200m thick dolerite are +1.6 and +1.1 respectively at 1838 Ma.
Killi Killi Formation
Twenty-nine geochemical analyses of drill core samples were completed for the Killi Killi Formation. These have high Th/Sc ratios (3-6), low (<100 ppm) Cr abundances, and flat REE patterns relative to PAAS (Lambeck et al. 2008) . The coarse-to-fine-grained sedimentary rocks of the Killi Killi Formation have average Cr/Th and Th/Sc ratios of 2.7 and 2.1 respectively (Figs. 4 and 5). The REE patterns are flat and almost identical to PAAS with an average (La/Yb) PAAS value of 1.3; the average Eu anomaly is 0.9 (Fig. 6 ). Initial εNd(1840 Ma) values from the Killi Killi Formation, range from -6.3 to +3.1 (Fig. 8 , Table 3 ).
Ware Group
Seven outcrop samples were analysed from the Ware Group and have high Th/Sc ratios (3-4), low (<100 ppm) Cr abundances, and flat REE patterns relative to PAAS. They include six coarse-to-fine-grained sedimentary samples and one felsic volcanic (analysed for Nd isotopes). The fine-grained sandstone samples have an average Cr/Th and Th/Sc ratios of 1.9 and 2.9 respectively (Figs. 4 and 5). The REE patterns are flat and almost identical to PAAS with an average (La/Yb) PAAS value of 1.1, and the average Eu anomaly is 0.9 (Fig. 6 ). Two initial ε Nd(1820Ma) values from the Ware Group are -2.4 and -2.7, The felsic Nanny Goat Volcanics have an ε Nd(1820Ma) value of -10.3 (Fig. 8, Table 3 ).
Mount Charles Formation
Fifty-seven geochemical analyses of drill core samples were completed for the Mount Charles Formation. These have low Th/Sc ratios (<2) and high (>100 ppm) Cr abundances. The poorly-sorted coarse-to-fine-grained sedimentary rocks have average Cr/Th and Th/Sc ratios of 22.2 and 0.2 respectively (Figs. 4 and 5) . The REE patterns are light REE depleted relative to PAAS with an average (La/Yb) PAAS value of 0.5, and the average Eu anomaly is 1.4 (Fig. 6 ). ε Nd (1810 Ma) values range from -7.2 to 1.6 which suggest there is a large range of crustal residence ages in the source materials for the sedimentary rocks. Three ε Nd(1810 Ma) values from basalts within the Mount Charles Formation are -2.3, -2.1 and +6.0.
The fine-grained sedimentary rocks of the Cashel and Sunline Prospect sampled by Lambeck et al. (2008) Groves (1993) suggested that gold deposits in the Tanami region may illustrate the continuum model of lode-gold deposition which was confirmed by Mernagh and Wygralak (2007) who illustrated ore deposition occurring at a range of depths from 1.5 to 11 km. While the Tanami region contains a range in mechanisms of lode-gold deposition, Huston et al. (2007) documented that many of these Tanami lode-gold deposits are hosted by reactive rock units such as carbonaceous siltstone and iron formation. The lode-gold deposits hosted within the Dead Bullock and Mount Charles Formations formed during times of regional extension associated with voluminous mafic and felsic magmatism Huston et al. 2007 ).
Condie (1997) suggested that mixing of sediments derived from Archean and Palaeoproterozoic sources, as documented in Lambeck et al. (2008) , could occur in basins adjacent to active continental margins (i.e. back-arc to foreland basin). The tectonic setting and timing of regional extension has been documented by Bagas et al. (2008) who suggested that sedimentary and basalt geochemistry of the Tanami region forms a back-arc basin. Similarly the Mount Charles Formation was deposited during a period of regional extension, (Stafford Event: Cawood and Korsch 2008) , in which turbiditic sedimentary rock and basalt were deposited in the post-rift basin.
The fine-grained facies of the Dead Bullock Formation were interpreted by Lambeck et al. (2008) to have been deposited in a deep-water environment to form ~600 m of well-bedded carbonaceous rocks. These acted as reductants to oxidised metalliferous fluid that travelled along D5 shears and deposited gold when thick carbonaceous horizons were encountered (Huston et al., 2007; Williams, 2007) . Gold in the Mount Charles Formation is hosted mainly within basalt but also present in the base of carbonaceous mudstone units above basalt flows (Huston et al. 2007 ).
Being able to geochemically discriminate these gold-prospective carbonaceous units within the predominantly finegrained regional stratigraphy will ultimately help to reduce gold exploration risk. Traditionally, coarse-grained sedimentary rocks in the Tanami region have been mapped as Killi Killi Formation and fine-grained sedimentary rocks and black mudstones have been mapped as Dead Bullock Formation or Mount Charles Formation (Smith et al. 1998) . As shown by Lambeck et al. (2008) , this criterion is not entirely reliable, and thick black mudstones can be found within the Killi Killi Formation. When gold tonnage (sum of gold resources, production and stockpiles) is calculated for the regional stratigraphy (Table 1) 
Suggested evolution of the Tanami geochemical variations
In this section the model of the early Tanami evolution discussed by Cross and Crispe (2007) is assessed using the regional sedimentary geochemical data (Fig. 9) . Five geochemical events are defined in this paper and discussed in geochronological order starting at the basal geochemical event.
Stubbins Formation; Event 1
The stratigraphic relationship of the Stubbins Formation, which is only known in the western Tanami region, is enigmatic within the regional stratigraphy. Based on the ~1864 Ma depositional age , the Stubbins Formation is stratigraphically below the ~ 1838 Ma interpreted "tuffaceous sandstone" of the Dead Bullock Formation in the northern Tanami region. It should be noted however, that both the Stubbins and Killi Killi Formations contain detrital zircon populations with ages between 1860 Ma and 1870 Ma, the Dead Bullock Formation only contains detrital zircons older than 2500 Ma Bagas et al. 2008 ).
Samples from the Stubbins Formation have a REE patterns that are almost identical to that of PAAS (Fig. 6) . Small standard deviations for La/Yb PAAS indicate a very homogeneous source. Th/Sc and Cr/Th ratios of ~2.3 and ~3.1 respectively suggest that the Stubbins Formation is derived from a felsic source (Taylor and McLennan 1985; Condie and Wronkiewicz 1990; McLennan et al. 1990; Lahtinen 2000; Lahtinen et al. 2002) . The source must have been strongly evolved, as reflected by the average ε Nd (1860 Ma) value of ~ -5. Due to the local occurrence of the coarse-to-finegrained siliciclastic rocks, our data support the interpretation of Lambeck et al. (2008) and suggest that the Stubbins Formation was deposited in a restricted basin with a chemically differentiated source (Fig. 9) . Based on whole-rock geochemistry, Bagas et al. (2008) proposed that the basalts in the Stubbins Formation were formed in an extensional setting.
Dead Bullock Formation; Event 2
Both the Ferdies and Callie Members of the Dead Bullock Formation are interpreted to have been derived from Archean mafic and felsic rocks on the basis of Th/Sc, Zr/Sc, Cr and REE values (Lambeck et al. 2008) . The basal Ferdies Member, as represented by samples from the Groundrush area, was derived from an evolved source with ε Nd(1860Ma) ~ -10, and is unique in the Tanami region (Fig. 8) . The overlying Callie Member also records an evolved source ε Nd (1840) Ma ~ -6. Page et al. (1995) used U-Pb ages combined with Nd-isotope model ages and whole-rock geochemistry to infer the existence of largely-concealed late Archean crust in this region. The evolved  Nd values from the Ferdies and Callie Members (Figure 8 and Table 3 ) support the interpretation of Page et al. (1995) that the source of the sedimentary rocks was dominantly Archean granitic crust. This is consistent with the presence of 2500, 2700 and 3200 Ma zircons in the Dead Bullock Formation .
The source of the sedimentary rocks in the Dead Bullock Formation is not known but possibilities include Archean provinces in the West Australia Craton or Archean rocks of the Tanami Province. Goleby et al. (2008) suggests that deposition of the Dead Bullock Formation may have occurred during regional extension (Fig. 9) . The sandy siltstone and black mudstones were probably deposited in a deep-water setting and were derived from a remote Archean mafic and felsic source (Lambeck et al. 2008) (Fig. 9) . The depositional age of the Ferdies Member is poorly constrained between ~2110 -1840 Ma .
Killi Killi Formation; Event 3 Lambeck et al. (2008) concluded that the contact between the Dead Bullock and overlying Killi Killi Formations is conformable but a change in sedimentary source is recorded. The Killi Killi Formation (Th/Sc >2.1, Table 1 ) was derived from sources with variable crustal residence ages as shown by the wide range of  Nd(1840 Ma) values; ~ -6 to +3 (Table 3) . Detrital U-Pb zircon data place maximum depositional ages for the Killi Killi Formation at ~1860 Ma. Lambeck et al. (2008) suggested that black mudstones of Apertawonga are part of the Killi Killi Formation, based on high Th/Sc ratios. The most juvenile  Nd values of the fine-grained turbidites are +1.0 and +3.3 at Apertawonga. These sedimentary rocks are attributed to a relatively local juvenile source not previously recorded in the Tanami region (Table 3 , Fig. 9 ). The varied  Nd values are interpreted to indicate deposition in localised basins. This may be due to development of separate rift shoulders with poor mixing among canyon slope systems. Sedimentation of the Killi Killi facies was terminated by regional deformation at about 1840-1825 Ma .
Ware Group, deposition; Event 4
Unconformably overlying the Tanami Group sedimentary rocks is the regionally extensive Ware Group, deposited during a time of regional extension at 1825 -1810 Ma , Fig. 9 ). The highly negative initial  Nd value from the felsic Nanny Goat Volcanics (-10.3) suggests an evolved source derived from melting of Archean crust. Figures 5 and 6 suggest relative enrichment of LREE and Th, and lower Cr values relative to the underlying Dead Bullock and overlying Mount Charles Formations which imply a more felsic source component. The shallow water/fluvial sedimentation was halted by uplift resulting from regional deformation and granite plutonism ).
Mount Charles Formation; Event 5
The Mount Charles Formation was deposited at a time of localised extension during the regional Stafford Event (Claoué-Long and Hoatson 2005; Cawood and Korsch 2008) (Fig. 9) . The fine-to-coarse clastic sedimentary rocks have a low (La/Yb) PAAS ratio of 0.5 interpreted to reflect a relatively mafic source.
The mafic Mount Charles Formation is distinguished from the mafic Dead Bullock Formation by Cr/Th ratios (Fig. 4) . Initial  Nd isotopic values for both units can also help differentiate between them (Fig. 8) . The Dead Bullock Formation has  Nd (1860 Ma) of ~ -6 whereas the Mount Charles Formation yields a range of  Nd values from ~ -7 to +1.6 at 1810 Ma. The  Nd (1838 Ma) values from the dolerite units within the Dead Bullock Formation are ~ + 1 compared to  Nd values from the Mount Charles Basalts which range from -2.1 and +6.0. Nd isotope data from the Dead Bullock Formation support derivation from a long-lived mantle source.  Nd values from sedimentary rocks of the Mount Charles Formation range from -7.2 to +1.6 at 1810 Ma and may indicate a mixed source of Archean and Proterozoic maficfelsic volcanic rocks.
Implications for gold exploration
The gold-prospective Dead Bullock and Mount Charles Formations cannot be distinguished in hand specimen from other regional stratigraphic units, but can be identified using whole-rock, trace element and Nd isotopic values. Figure 5 shows that the Dead Bullock and Mount Charles Formations have lower Th/Sc and higher Cr/Th ratios than the Stubbins and Killi Killi Formations, and Ware Group, which we interpret to indicate a more mafic source. Although gold is known in most units in the Tanami region, the largest deposits are hosted by the Dead Bullock and Mount Charles Formations, probably because these units were more effective as chemical trap rocks (Huston et al. 2007; Bagas et al. 2008) . To illustrate the relationship between chemostratigraphy and gold mineralisation, the Cr/Th, Th/Sc, (La/Yb) PAAS and Eu/Eu * values for each regional stratigraphic unit are plotted relative to gold tonnage (Figures 10a-d) . The Sm-Nd data from the Tanami regional stratigraphy are shown in Table 3 . The data presented above suggest that geochemical parameters can be used to identify the more fertile Dead Bullock and Mount Charles Formations. These diagrams show that, in the Tanami region, geochemical signatures can be used to discriminate more prospective hosts, which display Cr/Th > 10, Th/Sc <1, (La/Yb) PAAS < 1, and positive or negative Eu anomalies. The "mafic" Dead Bullock and Mount Charles Formations can be distinguished by Cr/Th, and initial ε Nd values.
The Sunline and Cashel Prospects contain high Cr values, (>110 ppm), low Th/Sc ratios (<1) (Lambeck et al. 2008) and are LREE depleted (Fig. 7) . The whole-rock and trace element data from the Cashel and Sunline prospects, combined with initial  Nd isotopic values, suggest that the prospects are hosted by the Mount Charles Formation (Figs. 7 and 9 , Table 3 ). These results suggest new prospects for further exploration within possible Mt Charles stratigraphy. Whereas potential ore-bearing stratigraphy has been identified, detailed work is still required to find prospective chemical traps (cf. Huston et al. 2007; Williams 2007) . At this stage, Dead Bullock Formation has only been identified at Callie and possibly at Titania (Lambeck et al. 2008 ).
Linking the geochemical and geochronological methodology in this way permits development of an enhanced paleogeographic model and provides a new regional exploration strategy for the Tanami region. The geochemical approach discussed in this paper can be applied to other Proterozoic terrains; though the individual diagnostic geochemical features, (i.e. specific REE patterns, (La/Yb) PAAS values, Th/Sc values, Cr/Th values, and ε Nd ) discussed in this paper are, clearly terrain-specific.
Conclusions
Gold-prospective stratigraphy in the Tanami region can be identified in deep-water turbidite facies, within which rocks derived from sediments deposited under anoxic conditions form a reductant for the oxidised gold-bearing fluid. The gold-prospective black carbonaceous stratigraphy can be geochemically identified from other non-gold-bearing stratigraphy by Cr/Th ratios combined with Th/Sc values, La/Yb PAAS ratios and the Eu anomaly. The  Nd values may also provide important geochemical indicators of basin evolution and deep-water facies in the Tanami region.
Our results from the Tanami region indicate that a series of events occurred over more than 50 Ma. The data suggest that these were a series of separate events involving extension and contraction. Of the sedimentary units formed during these events, the Dead Bullock and the Mount Charles Formations contain the largest gold resource and are geochemically characterised by:
(1) high Cr/Th values (> 10); (2) low Th/Sc values (< 1); (3) low (La/Yb) PAAS (<1); (4) Eu anomaly + or -(5)  Nd values that assist in defining stratigraphic position.
The geochemical techniques described may assist exploration for lode-gold deposits in other basins. Identifying the deepest parts of sedimentary basins and discriminating the prospective stratigraphy using the sort of geochemical proxies discussed in this paper could reduce exploration risk. Geochemically discriminating deep-water facies such as thick carbonaceous horizons within the poorly-exposed Tanami region can help in discrimination of prospective packages. The Sunline and Cashel Prospects contain geochemical evidence of a mafic provenance similar to that of the highly prospective Mount Charles Formation.
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Major elements reported in oxide weight percent, trace elements reported in parts per million, Eu/Eu* = (Eu/1.1)/((Sm/5.6 + Gd/4.7)/2). Subscript PAAS refers to PAAS normalised ratios; normalising factors from Taylor and McLennan (1985) . Elements in italics and listed here contain contamination from grinding wheel and analysis of the contaminated elements has not been used in this study, Fe2O3, MnO, Cu, Zn, Ag. 
